INTRODUCTION
High Voltage (60OV) power semiconductors using super junctions to achieve greatly reduced onresistance have been reported for several years""]. The drift region of such devices is comprised of alternating N-and P-type regions of equal charge. In the blocking mode, the adjacent N and P-regions deplete into each other laterally. The drift region thus comprises several N-and P-regions in parallel, with the N-regions having much lower resistivity than conventional devices, and therefore presents a lower Rds. These high voltage devices are complicated to manufacture with multiple cycles of epitaxial growth, photo mask, implantation, and drive steps, or very deep trenches. This paper presents a simple implementation of the super junction concept, utilizing a high energy Boron implant, into low voltage (SO-IOOV) planar nchannel MOSFETS. Through the addition of a high energy implant (1-3 MeV) to form a lightly doped Pdiffusion undemeath the standard p-type body diffusion, alternating N-(EPI) and P-regions are formed.
DEVICE STRUCTURES AND SIMULATIONS
Process and device simulations were performed to evaluate the proposed structure. An existing model for a state of the art self-aligned contact planar MOSFET with BV -75V was modified to include a high energy implant after the poly etch sequence. The simulated high energy implant is blocked from penetrating the polysilicon gate. Figure 1 shows the net doping of a device that included a 3.OE12, 1.5 MeV Boron implant. In a traditional super junction, the N-and Ptype regions are assumed to deplete in the horizontal direction, and thus the N-and P concentrations are equal to achieve charge balance. Because of the limitation in depth &om the high energy implanter, the P-type regions in this case will deplete in both the horizontal and vertical directions. For this reason, the optimum P type doping is higher than the N-type (ifet and drift region) doping. This can be seen in The simulations indicate that, for a given implant energy, the device breakdown voltage value. As the implant dose is further increased, breakdown voltage reduces. This can be seen in Figure 4 , where simulated breakdown voltage is plotted for implant energies of 1.5,2.0, and 2.5 MeV. These simulations predict a maximum breakdown voltage increase of 32% for the 1.5 MeV implant and 45% for the 2.5 MeV implant. Higher energies create a deeper altemating N-and P-type column structure, and support more voltage in this region.
Deeper N-and P-type regions also create a longer effective j-fet, and constrict the current flow in this region, leading to increased on resistance. Based on the 6.6 um cell pitch used on the conventional device, an implant energy o f 1.5 MeV is expected to provide a good tradeoff between BV and on resistance. Simulations were run to determine the optimum implant doses at 1.5 MeV for various voltages, based on different starting N-epitaxial layers. Figure 5 shows simulated results for the onresistance * Active Area (R*AA) figure of merit typically used to characterize power MOSFETS. The high energy implant device shows a 35% reduction in R*AA compared to the conventional MOSFET, at a breakdown voltage of 75 V. Also shown is the case of an ideal planar (I-sided) junction. It should be noted that the 'ideal planar' values do not include any contribution from channel and contact resistances that are included in the current planar devices and the high energy implant simulations.
EXPERIMENTAL RESULTS
This high energy implant super junction concept was applied to a state-of-art self-aligned-contact planar MOSFET. The chosen device had a poly line width of 5 um, and a pitch of 6.6 um. The Epi thickness was 8.5 um, with a resistivity of 1.27 ohm-cm to give a nominal BV of 79.5 V. The process flow was identical to the standard FET, except that thicker (3.5 um) photoresist was used for the poly mask. This was necessary to block the high energy implant from the jfet region. The structure at the high energy implant step is shown in Figure 6 . Alter the polysilicon gate has been etched, the standard channel implant is replaced by two implants. The first is the typical high dose, low energy channel implant ( I .OE14, 80 KeV), and the second is the high energy low dose implant to form the deep P-type region. Based upon the simulation results, a range of high implant energies (1.5 to 2.5 MeV) and doses (2.OE12-7.0E12) wasperformed.
The rest of the self-aligned contact sequence is left unchanged. This consists of removing the photoresist and performing the channel drive. The source is implanted and driven, as is the shallow p+ region. Then an oxide is deposited and etched hack to form oxide spacers on the sides of the poly gates. Finally, the contact etch into the silicon is performed.
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The P diffusion, formed in this case by a 1.5 MeV Boron implant, can be clearly seen below the standard body junction.
The high energy implant was activated at the same time as the channel implant. No additional diffusion was desired or necessary because the implant straggle is already quite large (1840 A longitudinal, 2360 lateral at 1.5 MeV). Additional lateral diffusion would increase on resistance by narrowing the conduction (i-fet) region.
Functioning prototype devices were created and tested to compare with simulated values. Experiments follow a similar trend with dose as the simulations, showing an increase in breakdown voltage with the addition of the high energy implant, and then a reduction in maximum BV as the implant dose is increased. These results can be seen in Figure   n For comparison, a SEM of a conventional device with the junctions stained is shown in Figure 7 , and a prototype device with the 1.5 MeV implant is shown in Figure 8 The maximum voltage predicted by simulations was not achieved, as the prototype device breakdown voltage is limited by the termination. The achieved breakdown voltage represents a IS% increase in BV, compared to the simulated 32%.
To compare on resistance, the curve for the conventional device from Figure 4 was used to determine the R*AA value at the achieved breakdown voltage of 94 V. This was compared with measured values for the prototype devices. The results can be seen in Table I , indicating a 19% reduction in on resistance compared to conventional planar devices.
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